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INTRODUCTION: Fungicide seed treatment is an important strategy for plant pathogen control 
in the dry bean crop. However, there are reports that it may hinder biological nitrogen fixation 
(BNF). The present study was carried out for the purpose of verifying the compatibility of 
fungicide treatment and BNF, so as to assist producers in making decisions in regard to selection 
of products with the least impact on biological processes and, consequently, on yield.  
MATERIALS AND METHODS: A field experiment was carried out in the 2014 dry season in 
a Latossolo Vermelho distroférrico típico in the municipality of Lavras, MG, Brazil. There was 
no record of inoculation prior to the dry bean crop in the area, and the population of native 
rhizobia capable of nodulating dry bean was approximately 103 colony forming units per gram of 
soil. The statistical design used was randomized blocks with three replications and a (5×3) + 1 
factorial arrangement, involving five fungicides in seed treatment (Captan, Carboxin + Thiram, 
Difenoconazole, Fluazinam + Thiophanate-methyl, and Fludioxonil + Metalaxyl-M, all at 
application rates recommended by the manufacturers) and three levels of inoculation (without 
inoculation, seed inoculation, and inoculation in the planting furrow), plus an additional 
treatment with 80 kg ha-1 of N (40 kg ha-1 N at sowing + 40 kg ha-1 N at topdressin 
inoculant containing ±109 viable cells of the strain CIAT 899 (Rhizobium tropici) per mL was 
applied at the rates of 40 mL kg-1 on seeds or 300 mL ha-1 in the planting furrow.  
Seed inoculation occurred one hour before sowing. Sowing was manual, at a density of 15 seeds 
per meter. The cultivar BRSMG Madrepérola was used, with high yield potential and good level 
of resistance to the main diseases that occur in Minas Gerais. Plants are prostrate, of type III 
growth habit, with low tolerance to lodging (CARNEIRO et al., 2012). Distribution of the 
inoculant in the furrow was performed after sowing with the aid of a manual backpack sprayer, 
and the spray volume was equivalent to 20 L ha-1.  
The experimental unit consisted of six four-meter-length rows, spaced at 0.6 m, and the area 
effectively used was the four central rows. All the plots, except for those of the additional treatment, 
received base fertilization at the rate of 20 kg N-urea ha-1, 110 kg P2O5 ha-1 (simple superphosphate 
source), and 40 kg K2O ha-1 (potassium chloride). The application of a low application rate of N at 
sowing followed the recommendations of Soares et al. (2016).  
The following evaluations were made: number of nodules (NN) and nodule dry matter 
(NDM), shoot dry matter (SDM), shoot nitrogen concentration (SNC), and shoot nitrogen 
accumulation (SNA), and grain yield, as well as grain N concentration (GNC) and grain N 
accumulation (GNA). All the data were subjected to analysis of variance after having been 
previously subjected to tests of normality and homoscedasticity of variances. The variables NN and 
NDM were first transformed into (x+0.5)0.5. In the cases of significant effect of treatments, grouping 
of means was performed by the Scott-Knott test (P≤ 0.05). For comparison between the additional 
treatment and the mean of the factorial, the F test was used, since there were only two means. 
RESULTS AND DISCUSSION: The manner of application of the inoculant did not affect 
nodulation, growth, or BNF, inferring from the N content in the plant (SNC and SNA); this 
likewise occurred in evaluations at maturity (Table 1). The presence of nodules in the treatment 
without inoculation and without mineral N indicates the occurrence of native strains of rhizobia 
126 
in the soil, capable of nodulating as much as the inoculated bacteria. Similar results were found 
by Figueiredo et al. (2016) and Oliveira et al. (2016). The good activity of these rhizobia, just as 
the introduced rhizobia, was certainly essential for providing the nutrition necessary for 
obtaining the good yields observed, around 1400 kg ha-1. 
Apparently, the excess of mineral N did not hurt the establishment of symbiosis of the native 
rhizobia, providing NN, NDM, and SDM equivalent to those of the factorial treatments. The 
higher SNC and SNA of the factorial, possibly coming from the greater input of mineral N (40 
kg ha-1 of N at sowing and 40 kg ha-1 of N at topdressing), did not result in differences in yield or 
in nutrition of the grain of the contrast treatments (Table 1).  
Table 1. Number of nodules (NN) and mean nodule dry matter (NDM), shot dry matter (SDM), shoot nitrogen 
concentration (SNC), and shoot nitrogen accumulation (SNA), grain nitrogen concentration (GNC) and grain 
nitrogen accumulation (GNA), and grain yield (GY) of dry bean cv. BRSMG Madrepérola according to inoculation 
with rhizobium and fungicide seed treatment. 
Treatment NN1 NDM1 SDM SNC SNA GY GNC GNA 
Inoculation level (plant unit -1) (mg plant-1) (%) (mg plant-1) (kg ha-1) (%) (kg ha-1) 
Absence of inoculation 29 a 360 a 581 a 3.0 a 176 a 1379 a 3.0 a 41. 1 a 
Seed inoculation 20 a 290 a 617 a 3.2 a 224 a 1416 a 3.1 a 44.2 a 
Inoculation in planting furrow 27 a 290 a 730 a 3.1 a 196 a 1479 a 3.2 a 47.2 a 
Fungicide         
Captan 25 a 320 a 741 a 2.8 b 206 a 1459 a 3.0 a 43.9 a 
Carboxin + Thiram 24 a 350 a 656 a 3.4 a 218 a 1484 a 2.9 a 43.3 a 
Difenoconazole 28 a 340 a 601 a 3.1 a 183 a 1406 a 3.3 a 46.2 a 
Fluazinam + Thiophanate-methyl 22 a 270 a 618 a 3.2 a 195 a 1418 a 3.2 a 45.6 a 
Fludioxonil + Metalaxyl-M  28 a 310 a 599 a 3.2 a 193 a 1356 a 3.1 a 41.7 a 
Factorial 26 a 320 a 643 a 3.1 b 199 b 1425 a 3.1 a 44.2 a 
Additional 18 a 200 a 765 a 3.8 a 293 a 1605 a 2.8 a 45.4 a 
The mean values followed by the same lowercase letters in the columns belong to the same group in the Scott-Knott 
test (P≤0.05). 1Mean values compared according to transformed data (x+0.5)0.5.  
The fungicides used in the seed treatment did not exhibit any phytotoxic effect on dry 
bean in the sense of reducing or delaying its growth. Not even the rhizobia appear to have been 
affected by the fungicides (see high nodulation, Table 1). As no problems related to diseases 
were observed in the experiment, it was also not possible to detect any effect of the fungicides on 
improving plant health conditions in such a way as to alter dry bean growth. Only the active 
ingredient Captan reduced the SNC, but this decrease does not appear to be related to the activity 
of BNF since nodulation was not affected.   
Just as in the studies of Oliveira et al. (2016), which aimed at seed inoculation, the 
fungicides applied on seeds at the rates recommended by the manufacturers appear not to have 
compromised the symbiosis of native or introduced rhizobia. However, to confirm this, new 
studies should be developed in the laboratory and in the field.  
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